Representative strains of Serratia marcescens from an edible cactus plant and silkworms were characterized and a comparison based on their cellular fatty acid composition, 16S rRNA and groE gene sequence analysis as well as silkworm virulence and chitosan susceptibility was carried out. Results from this study indicate that there are no significant differences between the phenotypic and molecular characterization, virulence and chitosan susceptibility of the S. marcescens strains from the cactus plant and silkworms. Silkworms inoculated with S. marcescens from either plant or silkworm resulted in nearly 100% mortality. Chitosan solution exhibited strong antibacterial activity against S. marcescens. This activity increased with the increase of chitosan concentration and incubation time regardless of the strain source. Also, the results indicate that the plant associated S. marcescens maybe plays a possible role in the contamination of humans and animals, in particular silkworms, while chitosan showed a potential to control the contamination caused by S. marcescens.
INTRODUCTION

Various plant-associated roles have been put forward for
Serratia marcescens, including that of a plant pathogenic bacterium (19) ; an herbicide degradation bacterium (24) ; a plant growth promoting rhizobacterium (23) ; an innocuous colonizer or endophyte of plants (25) ; and even a biocontrol agent (2, 20) . However, the enteric bacterium S. marcescens is also an opportunistic human and insect, in particular silkworm, pathogen (5, 7, 9, 15) . Therefore, it is necessary to examine the differences between S. marcescens strains from plants and that from humans or animals, in particular silkworms.
Silkworms have been used as model animals for studying bacterial pathogenicity in humans (10), which made it possible for us to evaluate the virulence potential of plant associated S. marcescens in human or animal hosts. In addition, the abilities of S. marcescens to cause animal and human infections and survive in the environment have been partially attributed to its high natural resistance to antimicrobials and cleaning agents (8) . Interestingly, chitosan is been well known for its broad antimicrobial activity (3, 11) and has shown a potential to control bacterial septicemic disease of silkworms caused by S. marcescens (14) . Therefore, the bactericidal activity of chitosan against plant associated S. marcescens was examined *Corresponding Author. Mailing address: G. L.Xie, Kaixuan Road 268, Institute of Biotechnology, Zhejiang University, Hangzhou, China.; Tel: +86 571 86971412 FAX: +86 571 86971680.; E-mail: glxie@zju.edu.cn / libin0571@zju.edu.cn.; G. C. Sun, Tel.: +86-571-86404073 FAX: +86-571-86404225.; E-mail: sungc@zaas.org S. marcescens from cactus and silkworm in this work.
The aim of this study is to examine and compare phenotypic and molecular characterization as well as the virulence potential and chitosan susceptibility between the S. marcescens strains from an edible cactus and from silkworms.
MATERIALS AND METHODS
Strains of S. marcescens
Two representative strains of S. marcescens were used in this study; one from a plant and the other from an animal.
Strain ZJ-C0701 of S. marcescens was isolated from the healthy tissue of edible cactus plants (Opuntia Milpa Alta) grown in Zhejiang province of China. Strain ZJ-S0801 of S. marcescens was kindly provided by the College of Animal Science, Zhejiang University, which was isolated from diseased silkworms.
Phenotypic characterization
Classical bacteriological tests were conducted as described by Schaad et al. (22) . The bacterial strains were then grown for 24 h at 28 °C on TSBA (13) for analyses of fatty acid methyl ester (FAME; MIDI, Inc., Newark, DE) and substrate utilization (BIOLOG, Inc., Hayward, CA) profiles, which were performed following manufacturers' instructions (13) . The BIOLOG tests were carried out using substrate plates designed for gram-negative bacteria. FAME testing was repeated a total of three times, and BIOLOG twice.
Molecular characterization
The 16S rRNA and groE gene of the bacterial strains were amplified and sequenced as described by Li et al. (12) and Harada and Ishikawa (6) , respectively. Phylogenetic analysis was performed after including the consensus sequence in an alignment of small ribosomal subunit sequences collected from the international nucleotide sequence library GenBank.
Nucleotides of the 16S rRNA and groE gene were aligned using CLUSTAL W. Phylogenetic and molecular evolutionary analyses were conducted using the genetic distance-based The pathogenicity to silkworm: The virulence potential of the S. marcescens strains from both plant and silkworms were examined by inoculating them in silkworms, which were used as model animals for studying bacterial pathogenicity.
The healthy larvae of uniform size and age were inoculated by pricking them at the third abdominal segment with sterile needles that had been dipped into 1.0 ml of bacterial suspension (10 7 CFU/ml). The experiment was carried out in a randomized block design with three replicates of each treatment, with twenty larvae. Control larvae were inoculated with sterile water. Untreated healthy larvae were used as additional controls.
Chitosan susceptibility
Preparation of chitosan stock: Chitosan (degree of Ndeacetylation no less than 85%, practical grade, from crab S. marcescens from cactus and silkworm shells) was obtained from Sigma-Aldrich (St. Louis, MO, USA). Stock solution of chitosan (5 mg/ml) was prepared in 1% acetic acid with pH being adjusted to 6.0 with NaOH (11).
After stirring (160 rpm) for 24 h at room temperature, the stock solution was autoclaved at 121 °C for 20 min. Sterile deionized water of pH 6.0 was used as a control. In the control treatment chitosan stock was replaced with sterile deionized water of pH 6.0 in order to obtain the same pH. Two hours later, samples were collected from each cell suspension and bacterial counting was carried out as above. were calculated by analysis of variance after testing for normality and variance homogeneity.
Surviving cells count:
Effect of incubation time:
RESULTS AND DISCUSSION
Characterization of S. marcescens
Results from this study indicated that there were no significant differences between the phenotypic and molecular analysis, the two strains and S. marcescens were clustered within a group and were well separated from either the other Serratia species based on partial 16S gene sequences (Fig. 1) or the other genus of Enterobacteriaceae based on partial groE gene sequences (Fig. 2) . S. marcescens from cactus and silkworm Pseudomonas aeruginosa was used as the outgroup. S. marcescens from cactus and silkworm 
Comparison of virulence potential
The silkworm larvae inoculated with strain ZJ-S0801 In addition, the causal bacteria reisolated from inoculated silkworm larvae have morphology identical to those of the original inoculated culture of S. marcescens, which implied that there was no significant difference in virulence between the S. marcescens strains from the cactus plant and silkworms.
The mortality of the larvae treated with sterile water and uninoculated control was 0% regardless of the rearing time.
Thus, these results suggest that the plant strain maybe play a possible role in the contamination of humans and animals.
In agreement with the results of this study, vegetable plants produce (4, 16, 21) . However, this is first report that plant associated S. marcescens maybe is a potential risk for humans S. marcescens from cactus and silkworm and animal health.
Comparison of chitosan susceptibility
Chitosan solution at different concentrations showed effective antibacterial activity against S. marcescens strains isolated from both the cactus plant and silkworms. In addition, chitosan solutions up to 0.10 mg/ml showed stronger antibacterial activity against S. marcescens compared with the remainder treatment, which is consistent with the result of Li et al. (11) , who found that the antibacterial activity of chitosan was influenced by its concentration in the solution. The surviving cell numbers of strain ZJ-C0701 in chitosan solution of 0.01 mg/ml decreased 1.74 log 10 CFU/ml, while the surviving cell numbers in chitosan solution of 0.10 mg/ml decreased 2.24 log 10 CFU/ml compared to the control (Fig. 3) .
Similarly, the surviving cell numbers of strain ZJ-S0801 in chitosan solution of 0.01 mg/ml decreased 1.92 log 10 CFU/ml, while the surviving cell numbers in chitosan solution of 0.10 mg/ml decreased 2.61 log 10 CFU/ml compared to the control (Fig. 4) .
The antibacterial activity of chitosan against S. marcescens strains was affected by the incubation time. In the absence of chitosan, the surviving cell numbers of strain ZJ-C0701 in sterile deionized water decreased 0.18 log 10 CFU/ml after 0.5 h of incubation compared with the starting value of 7.53 log 10 CFU/ml. With the increase of incubation time, the surviving cell numbers remained stable ( Table 2 ). In the presence of chitosan, the surviving cell numbers decreased significantly In agreement with the antibacterial effect of chitosan solution against strain ZJ-C0701, the surviving cell numbers of strain ZJ-S0801 remained stable in the absence of chitosan (Table 3 ). In the presence of chitosan, the surviving cell numbers decreased significantly compared to the starting value.
The antibacterial activity of the chitosan solution of 0.10 mg/ml against strain ZJ-S0801 increased with the incubation time through to 4.0 h. The surviving cell numbers in the chitosan solution decreased 1.36 log 10 CFU/ml after 0.5 h of incubation, and they decreased 2.40 log 10 CFU/ml after 4.0 h of incubation compared to the starting value ( Table 3) .
The results from this study indicate that there was no significant difference in chitosan susceptibility between the S. marcescens strains from the cactus plant and silkworms. In the last three decades there has been a steady increase in nosocomial S. marcescens infections that can be life-S. marcescens from cactus and silkworm threatening to both animals and humans (7) . As many S.
marcescens strains are also resistant to multiple antibiotics (5, 7, 15) , it represents a growing problem for animal and public health. Considering the absence of any sort of remedial measures for S. marcescens infections, the present investigation may prove helpful. The antibacterial activity of chitosan may be enhanced by combination with radiation processing in the control of S. marcescens. 
CONCLUSION
In summary, our results clearly demonstrated that there was no significant difference between the phenotypic and molecular characterization, virulence and chitosan susceptibility of the S. marcescens strains from the cactus plant and silkworms, which indicated that the plant strain maybe play a possible role in the contamination of human and animals alike. In addition, results from this study showed that a chitosan solution has a strong antibacterial activity against plant associated S. marcescens, which will be helpful in the control of contaminated fruit and vegetable produce.
